In Karst drainage basins, there are the ground water and underground water exchanging frequently, and the shortage of water resources due to having the special double aquifer mediums and unique surface and subsurface river systematic structure. This paper is to select 20 research sampling areas coming from Guizhou Province, and according to the spectral characteristics of the catchment water-holding mediums and vegetations, and using the remote sensing technique, extract the watershed vegetation index. According to the principle of principal component analysis, using the software of Spss and Matlab is to analyze the impacts of watershed vegetation type on the catchment water-holding ability, and establish the principal component analysis function. Studies have shown that: 1) the watershed vegetation coverage rate plays an important role in Karst basin water-holding ability; 2) the catchment water-holding ability is the comprehensive reflection and manifestation of the Catchment Water-storing Capacity (CWC); 3) it is much better effects and higher accuracy to monitor/forecast the catchment water-holding volume by using the vegetation indices.
Introduction
Karst is a kind of fragile eco-environment composed mainly of Water Resources [1] . In Karst areas, there are the surfaces broken, the slopes steep and mountains high, and the valleys deeply cut that will cause the surface water infiltrated seriously, the subsurface water deeply hidden, and the shortage of the catchment water resources. The broken Karst surfaces, shorter soil-formed times, thinner soil-layer and lower soil-fertility result in the difficulty of vegetation growth and the water/soil outflow severely. The development of the fractures and conduits within the rocky layer below surfaces causes the surface water flowing rapidly and the difficulty of catchment water-holding. Hence these will affect on the Catchment Water-storing Capacity (CWC). The catchment water-holding is the comprehensive reflection of the strong/weak of the CWC, and the manifestation of the spatial distribution of water resources. The Vegetation Index (VI) is the important information of the catchment water-holding, and through calculating and analyzing the watershed vegetation index is to reveal the catchment water-holding rules, and reflect the spatial distribution characteristic of water resources. After the developments of nearly 20 years, the Vegetation Index (VI) has dozens of kinds. It is the commonly used forms for these Vegetation Indices (VIs) like the Vegetation Index (RVI), Difference Vegetation Index (DVI), Normalized Difference Vegetation Index (NDVI), Transformational Vegetation Index (TVI), Return Difference Vegetation Index (RDVI) and Enhanced Vegetation Index (EVI). The VIs have widely applied to the studies to the global and regional land cover, vegetation classification and environ-mental variation [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . At present, as for the studies about the Karst catchment water-holding, He zhonghua et al., [15] [16] [17] had some relevant discussions, but, the less VIs-based studying Karst catchment water-holding. This paper is to select the 20 sampling sites having the continuously 5-year observation hydrological and remote sensing data of Guizhou Province. Using the remote sensing technique extracts the watershed vegetation indices of the RVI, DVI, NDVI, TVI, RDVI and EVI from TM images. Utilizing mathematical methods explores the relationship between catchment water-holding and VIs, and establishes the quantitative remote sensing model of Karst drainage basin water-holding. At last, utilizing 5 sampling areas is to be made the significant test for the model, which has a good predictive effect. This paper is useful for the no-data regions to calculate the water resources, and provides a stronger theoretical basis for us to more fully and reasonably estimate and utilize karst water resources.
Sample Area Selection & Data Acquisition

Selections of the Sample Area
According to the study purpose, this paper is to select 20 sampling sites located in the central part, southern, southwest area, western and northern of Guizhou Province, respectively. They are all distributed in the typical Karst areas, with the condition of Geology and geomorphology of them similar as possible, which reflects the spatial variation characteristics and rules of catchment water-holding. Meanwhile, the 20 sample sites been in the same climatic zones is to guarantee the precipitation or watershed prophase-water content the same as possible. 2010. Drainage area is generally dominated by small watershed, which is to ensure that the geological conditions of basin underlying surfaces can be as far as possible the same or similar. To calculate the mean monthly runoff depth of 20 research sampling sites and make its standardized processing using the Formula (7) is shown on 
Hydrologic Data
Apparent Reflectance Calculation
(1) Calculation of spectral radiance
If there are no calibration parameter data of G ain and B ias , a band L can be calculated by the Formula (2)
where QCAL is the DN value of a pixel, namely QCAL=DN; QCAL max is the maximum value 255, and QCAL min is the minimum value. The Formula (2) can be changed to the Formula (3) for LandSat-7 (namely QCAL min = 1) H, and to the Formula (4) for LandSat-5 (namely QCAL min = 0).
(2) Calculation of apparent reflectivity [18] [19] [20] .
where  is the apparent reflectivity of the Top of the Atmosphere (TOA) (Dimensionless); is a constant (steradian sr); D is the distance of Sun-Earth, calculated the Sun-Earth distance of any day of the year according to the Table 1 ; ESUN is the mean Solar spectral irradiance of the TOA, can be lookup from the [23] .
where is the Geographic Latitude, Φ (or weaker) the Catchment Water-storing Capacity (CWC) and the more significant (or less significant) the catchment water-holding. Therefore, the different vegetation indices are to reflect the catchment water-holding status from a different point of view. This paper is to select the remote sensing data LandSat-7, firstly, using the Formula (3) is to compute the spectral radiance of surface objects; secondly, using Formulas (5) and (6) and based on Tables 1 and 2 calculates the apparent reflectivity of them; thirdly, using the formulas of the Table 3 are to calculate the VIs of the apparent reflectivity like RVI, DVI, NDVI, TVI, RDVI and EVI and make standardized processing for them by use of the Formula (4), shown on Table 4 .
Selection & Calculation of Vegetation Index
From the theoretical analysis, the DN value of the originnal remote sensing image is without any correction, including the radiation calibration, is only a digital conversion form of radiant energy got into the sensor, and can't essentially reflect the radiation characteristics of target objects. The L and  have been made radiometric calibration correction. The  is the reflectivity of the surface features after atmospheric correction, and can essentially reflect the radiation characteristics of target objects. Therefore, the VI established by the  can reflect the vegetation coverage rate and its changing of watershed underlying surfaces. The common vegetation indices are listed in the following 
Quantitative Analysis of Catchment Water-Holding
The Vegetation Index (VI) is a quantitative indicator of catchment water-holding, indicating that the larger (or smaller) the VI, the more (or less) the biomass and the more developed (or less developed) the plant roots, which results in the more (or less) the interception amount of vegetation to precipitation, the higher (or lower) the amount of rainfall infiltration, and shows the stronger
Principles of Quantitative Analysis
In Karst drainage basins, there are many factors affecting on catchment water-holding ability, and which are complex and changeable relationships. In this study, taking vegetation factors as an example is to explore the impacts of vegetation factors under different level (or factor) on catchment water-holding ability. Utilizing the principle of principal component analysis is to compute the contribution rate of each factor of vegetations to catchment water-holding [31, 32] . 
And make standardized processing, Viz., where p is the number of variables; n is the number of 
where r is the correlation coefficient; N is the total number of samples.
3) Calculation of eigenvalues and eigenvectors According to the characteristic equation 0 R I    is to calculate the eigenvalue, Viz., solving the characteristic polynomial:
To compute the value of 1 2 , , , p     , and sorted i  by size as the following:
The eigenvector ( ) of the eigenvalue ( 1 2 , , ,
4) To calculate the contribution ratio 
Principal component score matrix is as follows 11 12 1
where Z 1 , Z 2 ,…, Z m is the first principal component, the second principal component, …, and the m principal component, respectively.
Calculation & Analysis of Principal Components
On basis of the Table 4 , using the statistical software of Spss and Matlab, and the Formulas (8)- (13) is to firstly calculate the relationship between different VIs and runoff depth (Table 5) , secondly, compute the total variance of the factors (Table 6) , rotated component matrix and component score coefficient matrix ( Table 7) .
(1) Table 5 shows that the correlation coefficients (R) between all the vegetation indices and runoff depth are greater than 0.5, indicating that the roles of vegetation coverage rate to catchment water-holding in Karst drainage basins should not be underestimated. Namely the impact of the VIs on runoff depth is very great, and the maximum is the Ratio Vegetation Index (R RVI = 0.847) and Return Difference Vegetation Index (R RDVI = 0.82), followed by the Enhanced Vegetation Index (R EVI = 0.629) and Difference Vegetation Index (R DVI = 0.621), and the minimum is the Normalized Difference Vegetation Index (R NDVI = 0.613) and Transformational Vegetation Index (R TVI = 0.601).Meanwhile it shows that the impact degree of different vegetation indices on runoff depth is different.
(2) Table 6 also shows that: in the description of the initial factor solution, the eigenvalue of the first factor is 6.141, which explains the 97.136% of total variance of six original factors and 97.36% of cumulative variance contribution ratio; and the eigenvalue of the second factor is 0.156, which explains the 2.461% of total variance of six original factors and 99.597% of cumulative variance contribution ratio. In the solution condition of total variance after extracting factors, Table 6 demonstrates that one factor is extracted after extracting factors by using principal component method, and one factor explains the 97.136% of total variance of six original factors and 2.864% of information loss amount, and the results were better explained.
(3) Table 7 represents the rotated factor loading matrix, namely principal component is relevance with six factors. From the Table 7 , the correlation coefficient between the First Principal Component (FPC) and the six original factors is greater than 0.9, indicating that the FPC is loaded more than 90% of the information of the six original factors, and achieves the purpose of reducing a number of variables.
(4) , ,
where b 0 is the constant, and b 1 , b 2 , b n is the coefficient of independent variables x 1 , x 2 , x n , respectively;  is the random variable obeyed normal distribution with the mean 0 and variance The statistic F is obeyed the F-distribution with the first freedom degree m and second freedom degree n-m-1. The critical value F α (m, n-m-1) can be lookup from F-distribution table with a given α (such as α = 0.05).If the statistic value F is greater than critical value F α (m, n-m-1), indicating that the regression model established with these data is significant and can be used for the analysis of regional water resources, In contrast, can not be used.
Establishment of Quantitative Model
Firstly, on basis of Table 4 , using the Formula (14) is to calculate the FPC (z 1 ) of the VIs of six factors, and shown on the Table 4 . Secondly, on basis of the Table 4 again, using the Formula (15) and the Spss and Matlab Software is to compute the quantitative model coefficient between catchment water-holding and FPC (Z 1 ) of the VIs, and shown on the Table 8 . Thirdly, the model-fitted degree between catchment water-holding and FPC (Z 1 ) is computed utilizing the Formula (16) and made significant test with the F-distribution by the Formula (17) ( Table 8) .
(1) We know from the Table 8 that the catchment water-holding (WATER) of Karst drainage basins is fitted by the FPC (Z 1 ) of the VIs, with very good its fitting effect and very high the model-fitted coefficient (R = 0.974). The dynamic change model of catchment water-holding is established by using the Formula (15), with very high the multiple correlation coefficient (R 2 = 0.974) and very small the root mean square error (RMSE = 0.1513). The quantitative model established by using the Formula (17) is to be made the F-test. The statistic value (F = 313.732) is greater than the critical value (F 0.01 = 6.11), indicating that the built quantitative model is significant, and illustrating that it is very good to monitor dynamically the catchment water-holding with the first principal component of vegetation index.
(2) On basis of the Table 8 and using the Formula (15), the dynamic change monitoring, forecasting quantitative model of Karst drainage basin water-holding can be expressed as the following:
To sum up, in Karst areas, there are the hydrology dynamic changes violently, surface water infiltrated severely and the catchment water-holding ability badly due mainly to the rugged surface, caves and conduits crisscrossed subsurface; the thinner soil-layer and lower soilfertility result in the difficulty of vegetation growth, and the water/soil outflow severely; which is to be formed a special, fragile karst environment, and restricts severely the Catchment Water-storing Capacity (CWC). The catchment water-holding is the manifestation of the CWC, while the VI is the important information of the catchment water-holding and an important indicator of the CWC. A large/small of the VIs is to affect on the velocity and residence time of rainfall in the catchment surface and the rainfall infiltration amount, which further influences the large/small of the CWC. Therefore, the vegetation index is the comprehensive reflection and manifestation of the catchment water-storing and water-holding.
Evaluation of the Model Accuracy
In order to assess the accuracy of the monitoring, forecasting quantitative model, the 5 research sampling areas selected randomly in Karst drainage basin, made some processing using the above methods, are to be extracted the VIs, respectively, e.g., RVI, DVI, NDVI, TVI, RDVI and EVI. Utilizing the Formula (14) is to calculate the FPC (z 1 ) value ( Table 9 ). The Table 9 is computed by using the Formula (18) and Eviews software, and the 
Conclusions and Analysis
(1) The correlation coefficient between the VIs and the runoff depth is greater than 0.5, indicating that the vegetation coverage rate in Karst drainage basins plays an important role in the catchment water-holding. This model through the variance analyzing and the sample areas testing shows very good monitoring, prediction effect.
In short, in Karst areas, there are the mountains high and slopes steep, carbonate rocks distributed widely, and the surface and subsurface connected, interlinked everywhere, which causes the surface and subsurface water exchanging frequently, the catchment water-holding difficultly. The watershed vegetation index is the important information of the catchment water-holding situation and its spatial distribution. The catchment water-holding model based on the FPC of the VIs, on the one hand, reflects the catchment water-holding situation from the different angles of the VIs; on the other hand, extracting the principal component will reach to reduce the number of variables and the relevance between the variables, make that the model can comprehensively reflect the catchment water-holding situation and its spatial distribution characteristics, and the model prediction accuracy is higher. Establishing the Karst drainage basin water-holding model based on the FPC of the VIs, is to be applied to solving the calculations of the water resources volume in no-data areas, and provides a strong theoretical basis for us to more fully estimate, more rationally utilize the Karst water resources.
